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GEOLOGY OF 'USCONSIN 
t1XD 

LOCATION AND PROPERTIES OF AGGmGATES I N  WISCONSIN 

by 
Mr. E. F. Been, State  Geol.ogist of iVisconsin 

If you could 'have arrived i n  lVisconsin about a half-bi l l ion years 'go you 
would hme found a p l ~ i n  with a few h i l l s  m d  ridges r i s ing  above 2, generally 
l e v e l  surface. Jus t  2s the  stump-covered f i e l d  enables us  t o  pic ture  the for- 
e s t  tht  h2s h n g  since disappenred, so a study of the  worn-down stumps of 
mountnins would have enabled us  t o  r'econstruct the mountains t h ~ t  once covered 
11.1 of 1Fisconsin. A t  Madison, the  old g r m i t e  surface i s  now encountemd a t  a 
depth of 800 f ee t ;  i n  the southeastern par t  of' the s t a t e  it i s  reached 2% ?. 
depth of over 1800 feet .  I n  the southnestern p x t  of the stpte,  a t  P l a t t ev i l l e ,  
the ancient grnaite surface i s  1/00 f ee t  below the  surface. In Lee County, 
I l l i n o i s ,  about 60 mil.es south of the Yisconsin l i ne ,  the pre-Cembrian surface 
i s  probebly a t  a depth of 3,000 fee t  below sea l eve l .  

Shor'tly t h e r e ~ f t e r  i n  the G,?mbria period, much of the s t z t e  was covered 
by a shallow sea. Only the Bar?6oo Rmge md  other pr e-Cambrizn ridges i n  the 
southern par t  of the  s t a t e ,  as  well as  some of the  northern part, of the  s t a t e ,  
stood o.bove the water level .  

For ?bout a. quzrter of' a b i l l i on  years mcrine condi.tions persisted,  with 
a t  l e p s t  one pcr'iod when the l m d  rose above sea Level and was subjected t o  
wezthering and erosion. I n  the sea, sedi.ments were deposited sands, lime 
muds, and muds which were consolidated t o  becone sendstones, limestones, and 
shales. Even the pre-Cambrian ridges aere buried. 

When the  area was l i f t e d  above the sea, t he  s e r i e s  of beds over 2,000 f e e t  
i n  thickness wcs archer? in to  a broad fold with the axis  trending north and 
south. A s  a resu l t ,  the beds dip gent1.y eastward i n  the eastern par t  of t he  
s ta te ,  southvezd i n  the  southern part, 2nd westward i n  the  western pa r t ,  much 
l i k e  the shingles on a. roof except t h a t  the  bu t t  edges of these shingles  pro- 
ject  2 the  roof. During and following the u p l i f t  the  rocks were subjected t o  
a long period of erosion during which enormous quant i t i es  of rock were worn 
awzy, so t h a t  none of the  formations have as  great  an extent as  formerly. Ezch 
formation i n  i t s  recession l e f t  out-lying but tes  and mesas which ere l i k e  strag- 
g l e r s  of 2 re t rea t ing  army. Blue Hounds i s  an i s d e t e d  ou t l i e r  of the  Niagara 
escarpment which i s  70 miles t o  the  east  i n  Kisconsin, b5 -. 55 mil.es t o  the  
south i n  1'l .linois and Iowz.. The P le t t e  Eounds 2nd the smdstone mounds near 
Cmp Douglas are  of simi'lzr origin. Deep val leys  were cut by s t r eam.  The 
Mississippi River flowed i n  a. gorge nezrly 800 f e e t  i n  depth. There were no 
12kes. 

Pre-C~mbrian. The rocks a t  or  ne.:r the surface i n  a great  shield-shaped 
a lee  i n  the  northern par t  of the st?.te and underlying younger rocks a t  depth 
i n  the r e s t  of the s t a t e  cre gr,mite, trzp,  sandstone and irori--formstion. 

Cambrian Sandstone md Shale. South of the  older rocks i s  a crescentic 
be l t  of the Cmbrian form-tion extendine from Pd~rinette County southwest t h r o u a  - - 
Adms md June au counties, thence northwe s t  t o  YG2shburn County. This formation 
outcrops dong  the Aisconsin and tdississippi r ivers .  This formztion, which i n  
the outcrop area i s   bout 700 feet  thick, is m,+e up i n  large measure of sand- 
stone. There .2re three sandy shale members, the  Em Cleire, Frmconia and Lodi  
I n  t h i s  b e l t  embracing nearly one-fourth of the  are2 of the s ta te ,  t he  s o i l  i s  
smdy. The Cmbrian extends beneath the younger f o r n ~ t i o n s  2nd i s  t h e  source 
of a r tes ien  water i n  the southern par t  of the  s ta te .  



Lower Magnesian Dolomite. This formation extends as a somewhat broken 
crescent from Marinette County t o  Polk Oounty. As t h i s  i s  a r e s i s t an t  rock, 
the  butt  edge forms a steep slope facing toward the central par t  of the  state.  

St .  Peter Sandstone. Pr'ior t o  the 2eposition of t h i s  sandstone, there w a s  
extensive erosion so t h a t  deep val leys  were cut i n  the  Lower Uagnesian and even 
through i t  in to  the Cambrian. A s  a r e su l t ,  the formation va r i e s  great ly  i n  
thickness. Exposures are usual ly  found i n  a narror< be l t  near the inner edge of 
t he  overlying P la t t ev i l l e  (Trenton) dolomite. It may be seen as  the steep w a l l  
near a val ley f loor  o r  as  i so la ted  crags such as  Bfonument Rock or Sylvan Rocks. 
I n  Wisconsin, t h i s  sandstone i s  loca l ly  used as a source of plastering sand and 
as  ba l las t  i n  highway construction. Much of t he  glass  sand and considerable 
molding sand of I l l i n o i s  comes from t h i s  formation. It i s  also the source of 
the  Ottawa sand used i.n t e s t i ng  laboratories.  

Galena-Platteville Formation. This i s  the rock underlying a b e l t  1.2 t o  
20 miles i n  width extending from Marinette t o  the s t a t e  l i n e  i n  western W a l -  
worth County, forming the upland surface of the southwestern pa r t  of the  s ta te ,  
and capping a few ridges f a r the r  north. The underlying member, P l a t t ev i l l e  
(Trenton), consi.sts of shale, limestone interbedded with shale and some thicker 
bedded dolomite. The* Galena i s  the main ore-bearing formation of the lead and 
zinc d i s t r i c t .  It i s  a gr.anular, well-bedded dolomite. Upon weathering, i.t 
breaks down in to  a coarse, yellow dolomite sand. Chert i s  i n  considsrable 
quanti ty i n  the lower half  of the f'on2ti.on. 

Maquoketa Shale. This formation outcrops i n  a few places along the  Niagara --. 
escarpment i n  the  eastern p a r t  of the s t a t e .  I n  southwestern Pisconsin it 
forms the long, gentle slopes of the  mounds. 

Niagara Dolomite. This formation underlies a broad be l t  i n  the eastern -- 
pa r t  of the s t a t e  and caps Blue Xound and P le t t e  Mound. 

Bvonian Formation. T h i s  formation borders Lake Michigan i n  a narrow b e l t  - 
extending from Sheboygan to  t he  mouth of the  IvEilwaukee River. There are but 
few outcrops. 

Glacial Deposits. -- The l a s t  gr'eat event i n  the  geological hi.story was the 
comi.nrof an i c e  ~ b e e t .  The winters became not a great  deal colder, but were 
longer so t h a t  the  winter snows were not mel.ted during the shorter  summers. 
The i c e  moved away from centers eas t  and west of Hudson Bay and occupied near ly  
a l l  of the t e r r i t o r y  north of the Xissouri arid Ohio rivers.  During the g lac ia l  
period the i c e  advanced and re t rea ted  four. times. During all of the g lac ia l  
period the southwestern pa r t  of the s t a t e  was not invaded by ice .  There is, 
therefore,  a Driftl.ess Area which gives us an idea of what Wisconsin was l i k e  
before the i c e  age. 

Throughout t he  glaci.ated area the most important road materi.al i s  gravel, 
By f a r  the greater  proportion of' our' gravel comes from outwash deposits. Near- 
l y  all of the  large commercial plants  m e  operating i n  outwash deposits. These 
are l i k e l y  t o  prove uniform i n  character and dependafile i n  extent. I n  a termi- 
nal  moraine the fol.lornng are favorable s i t e s  for  search: ( a )  long, narrow, 
steep-sided ridges r e l a t i ve ly  f.'ree from large boulders; (b) cone'-shaped h i l l s .  
Terminal moraines are l i k e l y  t o  be a much l e s s  sa t i s fac tory  source of gravel 
than outwash. Eskers' are usual ly  long, nsrrow, winding ridges occurring i n  
l e v e l  country, of ten i n  swamps. The material  i s  l i k e l y  t o  be pockety i n  char- 
acter ,  with bedding and s i ze  of' m a t e r i a  e r r a t i c .  Beach gravel i s  valuable 
l a rge ly  because it i s  fou:ld i n  areas where other gravel i s  scarce a s  i n  Douglas, 
Bzyfield, Ashland, and Iron counties. 
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COARSE CONCRETZ AGGREGATES 

Wisconsin i s  the fortunate possessor of excellent concrete aggregates 
f a i r l y  we1.l d is t r ibuted throughout t he  s ta te .  These are e i ther  quarry stone o r  
gravel. I n  di.scussing coarse aggregatzs, refererice u r i l . 1  be made t o  per  cent of 
wear, absorption and specif ic  gravity. Yy wear i s  mean$ the per cent l o s s  by 
weight through a No, 1 2  screen i n  500 revolutions of the  Los Angeles machine. 
I n  genera?, the absorption i.s higher ar:d the spec i f ic  gravity i s  lower fo r  rock 
with a high per  cent of wear. 

Quarry Stone. Such stone may be e i t he r  one of the c rys ta l l ine  types o r  lime- --- 
stone. 

Crystall ine Rocks. Granite or  basalt  ( t r a p )  make excellent aggregates, 
but cost  of quarrying and crushing prohibi ts  t h e i r  use i n  areas where gravel is  
available. Very few t e s t s  are available. In  these the wear ranges from 11.1 
t o  2 7  per cent, the absorption, .26 t o  2.65 p r  cent, and the spec i f ic  gravity, 
2.72 t o  2.9b. :&artzite has not been used as an aggregate because c r u a i n g  
produces too large a proportion of f l a t  and elongated pieces. 

Limestone. S t r i c t l y  speaking, these rocks ere dolomites, but f o r  our PUT,-- 

poses the use o f  the commonly used "limestone" seems desirab1.e. Tests from 
four formations are available: Niagara, Gdena, Trenton and Lower Magnesian. 
Limestone quarries from any formation should be careful ly  inspected. Aside 
f rom laboratory t e s t s ,  the  best check on the qua l i ty  of stone i s  made by an 
inspection of an older p a r t  of the w a r y  o r  i n  outcrops where the face has 
been exposed t o  weathering. 

The Niagara dolomite which reaches a max imum thickness of 800 f e e t  i s  sub-, 
ject t o  the same var ia t ions  ia.ter;%ll.y and v e r t i c a l l y  as  are  a l l  limestones. 
The wear of rock from f ive  quarri.es ranged from 25.1 t o  28.4 per cent; the 
absorption from .69 t o  2.& per  cent; and the 5pecifi.c gravity from 2.60 t o  
2.70. This formation has not been used. t o  any extent as concrete aggregate be- 
cause i n  much of the outcrop area there i s  an adequate supply of limestone 
gravel. It i s  an excellent source of concrete aggregate i n  any area v#here it 
occupies a competitive position, i i  care i s  exercised in  selecting quarry s i t e s .  

The Galena l h e s t o n e  i.n many outcrops and quarries i s  weathered t o  the  
exten% t h a t  i.t cannot be considered as  concr'ete a ~ ~ r e ~ a t e .  Samples from a few 
of the b e t t e r  quarries shoui a wear t e s t  of 33.3 to-42,5; absorption, 1-06 t o  
3.L5, and specif ic  gravity, 2.55 t o  2.71. 

The Trenton formation consis ts  of shale, limestone interbedded with shale, 
and some quarry beds. I'ihile quarries c3n oroduce stone v~ i th  a percentage of " . 

wear l e s s  thanso, t he  absorption i s  high and s?ecif ic  gravi ty  low. Service 
experience as viel.1 a s  laboratory soundness t e s t s  have shown tha t  t h i s  formation 
should not be used as a concrete aggregate. 

The Lower Magnesian limestone. This formation i s  an important potenti.al 
source of concrete aggregate i n  much of the  Dr i f t l e s s  Area. Any consideration 
of a quarry s i t e  i n  t h i s  fo~mati.on should take i n t o  account the  var ia t ions  i n  
qua l i ty  from bed t o  bed. It must a lso be reca l led  t h a t  the formati.on was deep- 
l y  eroded pr ior  t o  the deposi.ti.on of the St. Peter  sardstone. In  soae pl.aces 
the Lower Nagnesian is  en t i r e ly  missing. Folloving i s  a description of the 
formation beginnicg a t  the  top: 

Ledge or Crag Forming Beds. 65 t o  100 f ee t  i n  thickness. Thick, massive 
bedded, cavernous ireathering limestone underlzin by hezvy chert  bed. Rock i s  



har'd and tough. Some chert  present. Good material. 

Qarry Beds. 25 - 35 f e e t  i n  thickness. Buff, f a i r l y  so f t  and weak, 
granular, even-textured rcck. I n  general, too sof t  for use a s  road material. 
Called punky bed. -- 

Basal. Beds. Th~cknzss up t o  2 5  fee t .  Dense, f a i r l y  hard and tough, fine- 
grained o r  granular rock, The lower p a t  i s  i n  many places weak and cherty, 

Transition Beds. 25 - 30 f e e t  i n  thickness. A t r ans i t i on  from the Jordan 
below t o  the dense limestone above. It consists cf th in  beds of sandstone, 
t h i n  dense limestone, alga2 chert layers ,  t h i n  green speckled beds. 

From the above it may be seen t h a t  but two phases of the  formation are  
worth serious consideration, the basal  beds and t h s  upper ledge forming beds. 
Even these must be inspected t o  determine v&ether an objectionable percentage 
of chert  i s  present. Large-scale development i s  'nampered i n  some quarries by 
the presence of c lay  pockets. 

Of 21 laboratory t e s t s  the wear ranges from 25.6 t o  k9.9, the absorption, 
1 7  t o  3.6, and the specif ic  gravi ty  from 2.k5 t o  2.72. In  general, low absorp- 
t i o n  and high spec i f ic  gravi ty  i s  associated with low wear. 

Gravel. The rock content of gravel may be c lass i f ied  a s  c rys ta l l ine  or  lime-. 
stone. Tne c rys ta l l ine  consis ts  l a rge ly  of granite,  t rap  and other igneous and 
metamorphic rock; the limestone grave3 consis ts  of a l a rge  percentage of lime- 
stone pebbles. O f '  course, there are a l l  gradations between the  two extremes. 
I n  general, the gravel i n  the Pre-Cambrian areas i s  crysta l l ine .  Gravel de- 
r ived from limestone areas usual.ly ca r r i e s  a high percentage of limestone. 

The c rys ta l i ine  gravels have a low wear, the  range i n  nine samples being 
from 17.3 t o  23. The absorption i s  also low, ranging from .32 t o  1.3&. The 
spec i f ic  g rav i ty  is  high, ranging from 2.59 t o  2.77. These gravels have given 
good service i n  concrete. 

Limestone gravels have a somewhat higher per cent of wear, i n  14 samples 
rangi.ng from 25.2 t o  b0.L. Gravels derived from the Niagara formation have a 
lower wear than those from the Galena and Trenton. The absorption ranges from 
.64 t o  3.00, the  lower values coming from the Niagara. The spec i f ic  gravi ty  
ranges from 2.51. t o  2.7k, the higher values also coming from Niagara sources. 

~ e l e t e r i o u s  substances i.n Wisconsin gravels are not as  serious a probi.em 
as  i n  some of the  neighboring s ta tes .  Although the g lac ie r  moved over the  
Maquoketa shale, t h i s  material  did not stand transportation.  There i s  no coal 
i n  Wsconsi.n; hence there  i s  no coal i n  our gravels. 111 a few places xhere 
there  was a readvance of the  i c e  over lake clays there are c lay ba l l s  i n  the 
gravel, but t h i s  i s  not a common 2 i f f icu l ty .  In  both cyrs ta l l ine  and limestone 
gravels t he re  i s  some aezthered rock, usually not as much as  5 per cent. Soft 
f r i a b l e  sandstone rules  out the use of some gravel. Chert i s  a problem i n  some 
areas, especial ly  where the gravel i s  derived from t,he Galena formation. 



TRAP ROCK 

Vie ar Absorption - - Spec i f i c  Gravity 

Dresser Jc t . ,  Polk Co. 11,1, 0, 41 2.94 
Douglas Co., Sec. 13 ,  T-k7W., R . l ; F .  18.9 2.65 2.72 
e l l e n  4-shland 27:O .26 2.91 

Lannon, Y aukesha Co. 
Sturgeon Bay 
Ives,  Racine 
Fr ancey, Milwaukee 
"aukesha Lime and Stone 

Niagara Formation .---- 

25.1 
28.1 
28.4 
28.4 
26.0 

Galena Forn a t ' ~ o n  ..--- 

Lutz Stone Go., Oshkosh 39.0 1.56 2.71 
Lutz Stone Co., Oshkosh 33.7 1.06 2.75 
Kiel.er, Loc. 100, Grant Co. 33.3 1.. 46 2.69 
Vatson, SE SE see. 3, T . ~ N . ,  R.5E. 42.5 3.& 2.55 
1 1/3 mi .  E. of' ELio, Lafa2-ette Co. 54.0 3.3 2.54 ( c h e r t )  
YJ.Calvert, S@sec.  ,3, T.3Nm,R.3E. 41.0 1.7 2.64 
Duck Creek, Brown Co. 22.9 .86 2.77 

Trenton Formation .- 

Anding, Loc. 184, S t .  Croix Co. 35.3 3.57 2.53 
Severson, Green Go. 39 -1 2.45 2.58 
Loc. 70, Green Co. h . 3  3.02 2.61 
Taylor, Rock Co. h . 4  2.5'4 2.61 

Lower IIagnesian Formation -- 
Gallagher and Nelson, Dane Co. b3.5 3.7 
Pronold, Iowa Co. 41.0 2.4 
Rawson, Loc, 16, Richland Co. 47.0 2.20 
Schuekneckt, Loc. 254, Sauk Co. 38.0 2.2 
Meyer, Sauk Co. 38 .0 2.03 
Fatson,  Loc, 96, Vernon Co. 30.0 2.66 
B&kestrien, Loc. 30, Vernon Co. b5.0 2.7 

Upper 117' b e t t e r  than  lower 28 
Heal., Vernon Co. 39.0 1.8 
Loc. 125, Vernon Co. 35.6 .98 
Loc. 1.31, Vernon Co. 36.3 1.31 
Pokrmdt,  Loc. 1.14, Narquette Co. .30.3 1.35 
Chimney Rock, Loc. 216, Tremsealeau Co. 49.9 2.8L 
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Lower Xagnesian Formation (Cont. --. ) 

Loc. 63, Trempealeau Co. 
Upper 241 L3.0 
Lower 24' L9.0 

Herman Pape, Loc. 70, Buffalo Go. Sk.0 
Loc. 50, Buffalo Co. 3C.8 
Hoffnan-Haglund, NE$ sec. 5, T. 2LN., 

R .1 .9 .  & SES sec. 32, T.25N., R.l*., 
Pi.erce Co. 47.0 

'Jest Plum City H i l l . ,  c en te r  16, 
T.25M., R.15'V7., P i e rce  Co. L8.0 

Elmwood, P i e r c e  Co. iri.2 
Wilson, st. Croix CO. L3.8 
Loc. 33, St .  Croix Co. 23.6 

GRAYEL AGGREGATES 

Lime st one --- 
Pound, Loc. 128, E!arinette Co. 
Har ibe l ,  Loc. 86, Manitowoc Co. 
Palmer-Slinger, Loc. 8, Washirigton Go. 
Barton, Washington Co. 
Loc. 2 ,  Fond du Lac Co. 
Racine Go., s?:: sec. 6, T.2N., R.19E. 
Bellman, SE NE sec. 20, T.3N., R.3 5E., 

Kdiworth Co. 
J a n e s v i l l e  Sand and Gravel Co. 
Edgerton, Rock Co. 
Cap i to l  Sand and Gravel Co. 
Loc. 280, Dane Co. 
Verona, Dane Co. 
Pa tchin ,  Loc. 116, Columbia Co. 
Loc. 26, Green Co. 

C r y s t a l l i n e  - 
Eau Cla i r e  Sand and Gravel Co., Chippewa F a l l s  
VIausau Sand and Gravel Co. 
m i s s o t a  Sand and Gravel Co. 20.2 
S tone r  Gravel P i t ,  Barron Co. 23. 
Loc. 1 C3.ar.k Co. 19. 
Eau C la i r e  Sand and Gravel Co., Shanbm 23.5 
Loc, 19,  Polk Co. 17..3 
LOC. 16, ~ o l k  GO. 1 9  .!I 
Loc. 56, Clark 00. 19.L 
Ha t f i e ld ,  Jackson Co. 22.2 
Loc. 37, N x i n e t t e  Co. 22.5 
l;ountain, Loc. 43, Oconto Co. 22.3 
Patzau,  Douglas Co. 27.7 

Absorption S p e c i f i c  Gravi ty  - 


